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WIND-TUNNEL INVESTIGATION OF TRIMMING TABS ONF A THICKENED
AND BEVELED AILERON ON A TAPERED LOI—DRLG.'ING

By F. M. Rogallo and Stewart M. Grandal}
SUMMARY

An investigation was made in the LMAL 7~ by 10-foot
tunnel of three inget tabs and of one attached tab on the
beveled aileron of a low-drag wing. The effects of gaps
at the ailleron aad the teb noses were determined for the
three inget tads, and the effects of the alinement of the
top cover plate on the ailerorn characteristice were de-
termined with the tab sealed in the neuntral position.

The rezults of the tesgts indicated that, of the
arrangements tested, an inset tab with a chord 50 percent
of the elleron cnord orovided the moat satilsfactory trim-
ming characterlistics oun a beveled alleron. The attached
tab apnearad to be satlesfactory as e trimming device; its
addition to a beveled alleron, however, would increasa
the control-operating force. ¥No appreciable change in
aillerou effectiveness was observed for any of the trimming-
tab arrangements tested. Leakage et the aileron and the
tab noses decreased the effectiveness of the tab as a
trimming device, especially for tabs of small chord.

INTRODUCTION

Because of the lncreassed importance of obtaining
adequate lateral control with reagonable control forces
for high-gpéed airplanes, the NACA has undertaken an ex-
tensive investigatlion of lateral-control devices. The
purposes of this program are to determine the character-
letics of exlstling lateral-control devices, to determine
the effects of modifications to existing devices, 8mnd to
develop new devices that show promige of being more
satlsfactory than thoge now in use. :

Tests of an alleron on a low-drag wing (reference 1)
indicated that thickening and beveling the trailling edge



of the aileron would result in a substantial reduction of
high-gpeed control forces. These results agreed with tests
of conventional sectiong (references 2 and 3). Tests of
srall-chord tabs on two of the beveled-aileron arrangements
of reference 1, however, gave unsatisfactory resultas. Tabd
effectiveness varled greatly witi amaileron profile and the
variation of aileron hinge-moment coefficient with aileron
deflection 4ncreesed negatively wren the tabs were deflected.
An airplane with these small-chord tabs deflected would hnave
higher wheel forces than with tabs neutral and would proba-
bly have unsymmetrical wheel-force characteristics for

right and left roll.

The nregsent tests were made to determice the effects
of tabs wiltk chords 15, 30, end 50 percent of the alleron
chord on the characteristices of 2 beveled aileron on the
tapered low-drag wlng of reference 1.

APPARATUS AND METHODS

Models

The wing model, shown in figurs 1, was the game as
that tested in the lauvestigation of refercmnce 1. The tast
pranel was & 0.40-scale martial-span model of a low-drag
wing, constructed of laminrted mehogany. The alrfoll ssc-
tion varied from NACA ©66,2-2(13.715) at the root to f
NACA 66,2~2(13.125) near the tip.

The wing was equipved with a 0.20¢c alleron which 1is
ghown in filgures 2 to 4. The alleron croes sections are
the game ag for one of the allarons of reference 1, bdut
the tip shape and the hiunge locatlion have been changed.

The true tralling-edge mrofile for thisg low-drag wing 1is

a cuep. In forming the beveled contour, the original
alleron was thickxened linearly snd symmotrically from the
nose arc to the trailing edpe end +the thickness of the
tralling edye wes lncreased by 2 vercent of the wing chord.
A portion of the tralling edze, 30 percent of tbhe aileron
chord, was linearly beveled to the origizal tralliag-edge
thickness and the Juncture bstween the bsvel and the aileron
wapg rounded with a radiuas equsl to 20 percent of ths wilng
chord. For some of ths tests the aileron was sealed by a
rubber dam that orevented leakage at the alleron nosgc but
did not real the 0.02-inch longitudinal gaps at the ends

of the aileron. .
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The 0.200 aileron was tested with three inset trimming tabs
eand with one attached metal tab. Details of the three inset tabe
are shown in figures 2 to L3 of the attached tab, in figure L.

"~ '~ -Hech inset tab was construoted with a gap of 0.002c between the cover

plates and the tab nose. For the sealed oonditions, the gap was
oovered with "Eootoh"™ cellulose tape.

The alinement of the top cover plate was altered by rotating
the cover plate about its leading edge until the gap at its trailing
edge was of the specified size. The position of the leadling edge of
the cover plate is shown In figure 2. .

Geometric characterietics of the full-size low-drag wing and
the O.L0-scale model of the wing and of the panel tested are nresented
in table I.

Test Installation

Details of the test installatio: are gshown schematlically in
figure 5. The model was mounted horizontally in the IMAL 7- by
10~foot tunrel (reference L) with the intoard end of the model
adjacent to but not in oonbaot with the wall of the tunnel, the
wall thereby acting as a reflection nlane, The model was supported
eutirely by the balance frame in order that all the forces and
moments acting upon it could be measured. Provision was made for

changing the angle of attack of the model while the tunnel was in
overation.

The allevon was marually deflected through a oallbrated torque
rod and linkage system and the hinge moments were determined from
the twist of the rod as described in reference 1.

Test Conditions

All tests were made at a dynanio nressure of 16.37 pounds per
square foot, which corresnonds to a velocity of approximately 80 miles
ver hour. The test Reynolds number, based on the msan chord of a
complete O.L0-gcale model (3.21 £t), was about 2,350,000. The
effective Reynolds number of the tests was about 3,760,000 because
of the turbulence faotor of 1.6 for the IMAL 7- by 10-foot tunnel.

The present tests were made at low soale, low velocity, and high
turbulence relative to the flight conditions to which the reeults will
generally be arplied. 1In the present investigation the effects of
these variables were not determined or estimated, but some work

toward their determination is now in vrogress. Subsequent tests

(as yeot unpublished) of a similar aileron arrangement on & modern
fighter alrplane, incidentally, gave results essentially in agreement
with the results presented herein.



RESULTS AND DISCUSSION

Coefficlents and Corrections
The gymbols used in the presentation of the results

1ift ooefficient (L/q8')

drag coefficient (D/gS')

rolling-moment coefficiont (L'/qbs)
aileron hinge-moment coeffloclent (H/gSg34)
twice 1lift of tesﬁ panel

twioce drag of test vanel

rollirg moment about wind axis in plane of symmetry
of comrlete wing due to aileron deflection

aileron hinge moment
wing chord

aileron chord rearward of hiage axis (measured
perverdiculer to hinge axis)

root-mean-square chord of alleron (measured perpen-
dicular to hinge axis)

span of camplete wing .
arsa of comvlete wing

twice arec. of test vansl

area of cns allirca rearward of hinge axis
cagls of atsenik ~f wing

Fikl

eiliasr on dufleclicc fron neutral; positive when trail-
(ng glps 19 G0mm

ted Guflention relative to alleron; positive when
lealiing edge is down '

dyneric pressure of air.atream, uncorreoted for block-

ing (4¢V®)

— ———
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A positive value of L' or C3;' oorresponds to an increase in
11ft of the model. The angle of attack, the drag ocoeffioclent, and the
rolling-moment coefficlent have been corrected for the effects of the
jet boundaries and to the aspeot ratio and the taper ratio of the
complete wing as was done in reference 1, The hinge-moment correction
was estimated to be emall and was not applied. None of the results
were correoted for the effects of the support strut, the gap between
the model and the wall, leakage. through the wall around the support
tube, and the boundary layer at the wall,

Effects of Alinement of Top Cover Plate

The effeot of the alinement of the top ocover plate on the 1lift,
the drag, and the hinge-moment coeffioients of the model with aileron
neutral is shown in figure 6; on the rolling- and the hinge-moment
coefficlents with aileron deflscted, in figure 7. Although the
variation of the cover-plate alinement has a falrly large effect upon
the aileron hinge-moment coeffioclent at alleron defleotions between -h°
end 12°, the effect 1s small outside of this range and may even
reverse. An outward deflection of the ccover plate - that is, an
increase of the gap - resulted in a considarable loss of rolling-
moment effectiveness of the downgoline allsron. The effects of varying
the allinemeat of the top cover rlate were greater for the unsealed
than for the sealed aileron, but, in neither condition, does variation
of oover~plate alinement appear to offer a very prorising meens of
trimming.

In agreement with the resulis of reference l, the rresent tests
showed that a gap at the aileron hinge reduced ap»reciably the rolling-
moment effeotiveness of the alleron and tended to ocause overbalance
at small deflections. The marked changee in hinge moments resulting
from the effect of a small gap indicate the necessity for careful
detail design in any practiocal application of this type of aileron.
Attentlon is also called to the discontinulty in hinge moments at
angles of atback between 0° and 2°, as shown on the ocurves of Cj
against aq. '

Tab Charaoteristiocs

Rolling-moment data are not nresented because deflection of the tabs
had no arpreciable effeot on the inorement of rolling-moment coefficlent
that resulted from a glven aileron deflection. During all the tab
testa, the alinement of the top cover plate was adjusted to give a gap.
of 0,002c; the 1ift, the drag, and the rolling-moment characteristics
of the model with tabs sealed in the neutral position were as given in
figures € and 7. Uusealing the tabs had no praoctical effect on these
charaoteristics. When the tabs were deflected, the resulting curves of
rolling-mament coefficient against elleron defleotion were raised or
lowered relative to the tab-neutral ourve by approximately the amount
Indicated in the following table:




Tab dCy /36y,

0.1505 by 0.30bg 0.00008
0.3008. ‘by 0-20ba «00010
0-5009. by Q. 20ba «00012

The 0.15cg by 0.30bg teb.- The hinge-moment character-

istios of the aileron with the 0.15c, tab (fig. 2) are
shown in figures 8 to 1ll. With the tab and the aileron
gaps gealed (fip. B), the inorements-of Cp due to tab
deflection are reasonably constant at high angle of attack
but not at low angle cf attack. The inorements of Cp,

at a = 1.0°, generally are a mirnirum near the neutral
position of the alleron, which is the region of most im-
portance for trimming. “1th the tab defleoted, moreover,
the veriation of aileron hinge-moment coeffloient with

aj leron defleotion becomes more negative, & change that
would lnorease the control foroas. Because the gans at the
alleron and the tab noses were found to emnhaslze thease
objJectiorable characteristios, complete hinge-moment data
were rot obtaired for the other gan conditions (figs. 9 to
11)s The 0.15cg tab is considered unsatisfactory as a
trimming devioe but shows some promise for use as a balanc-
ing tab.

The 0.300cg by 0.20bg tab.~ The hinge-moment character-

istles of the 0.%0eg tab (fiz. 3) are shown in figures 12

to 15, ¥ith alleron and tab paps sealed (fig. 12), the
0.300, tab appears more suitable for trimming than the 0.1504
tab with gaps sealed (fig. 8). TUnsealing the gaps, partic-
ularly the tab zap, 1s again shown to be detrimental to the
tab as a trimming device.

The hinge-moment characteristics of the alleron with
tab neutral are not identiocal for the several inset-tab
installations. Some variation might be expected when the
tab gave are unsealed, but the variatlons observed when
the tab gans were sealed are thought to have been the
result of errors in the construction of the model or of
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errorg in the determination of the hinge moments, In com-
pering tedb characteristics, a comparison of the increments
of COp due to tab deflectlon rather than of total Ch

1s thought advigable. -

The 0.50ceq by 0.20ba tab.~ Of the three inset tabs
tested, the 0.50cs tab (fig. 4) appeared to have the best
characteriptics for trimming. (See figs. 16 to 19.)
Although aileron and tabd gaps had a detrimental effect on
the tab characteristics, this effect was not so pronounced
for the 0.50ca tab ag for the tabs with gmmaller chords;
the 0.50ce tab 1g thought to be acceptable for trimming
with any of the gap conditions tested. Although better
for trimming than the tabe with smaller chords, the 0,50¢y
tab may not be better for belancing dbecause it is likely
to produce a greater loss of maximum rolling-moment coef-
flclent for a given reduction of control force.

The 0.084ry by 0.126bs atteched tab.- The effects of
a 0.084c, attached tadb (fig. 4) on the hinge-moment charac-

teriestics of the aileron are presented in flgure 20. This
tab was effective ae a trinming device and showed little
tendency to change the value of ach/aaa as it was de-

flected. The addition of this tabd to the aileron, however,
1ncreased the increwment of hinge-moment coefflclent between
8 = 15° and 6g = -15° by about 25 percent relative to

the correaponding increment for the inset tabs.

CONCLUSIOXS

The results of the tests of three inset tabs and one
attached tab on the beveled alleron of a low-drag wing in-
dicated that, for the arrangements tested, the following
conclupioneg may be drawn:

1. Of the inset tabs tested, the tab with a chord
60 percent of the aileron chord had the best characteristics
for trimming. Ite characteriestics were the least affected
by gaps and are thought to be satisfactory for trimming with
any of the gap conditlions tested.

2. The attached tab appeared to be satisfactory as a
trimming device; its addition to & beveled alleron, however,
would increase the control-~operating force.



3, No appreciable change in aileron effectivensss re-
sulted from deflection of the tabs as trimming devices.

Li. Gaps at the leading edges of the tabs or allerons
were detrimental to tab charaoteristiocs for trimming,
especially for tabs of small ohord.

5. The amall-chord inset tabs showed promise as linked
balanoing tabs. Gaps did not appear to be so detrimental
to the tats for balasecing as for trimming.

langley Memorial Aeronautiocal Iaboratory,
National Advisory Committee for Aeronautlos,
Langley Field, Va.
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TABLE I. - GEOMETRIC CFARACTRRISTICS OF LOW=-DRAG WING AND OF
0.,,0-SCALE ¥ODEL OF WING AND TEST PANEL
¥ing Arsa nf Fing | Root Tip Aspect
area ‘ test panel | span | chord chord ¥.A.C. | ratio
(sq £t) (sq £'t) (in.) { (in.) (in.) (in.)
Full size L1, 118.6 660 | 12¢.00 | 5%5.85 96.33 7.3
0.})0-scale
mode 1 66.2’-]. 18-98 2&]. 51-20 2105’.]. 58.53 7.3
0.40-80ale
model of
teet panel | cecoee-- 18,98 | ==--- L1.33 | 2154 | =eeme- —————-
|atrfoil | atrfoil
section section
Alleron AlleronlAileron |at sta- at sta-~
root-rean-~ chord, | chord, |tion 110 tion 308
syuare |irea of one}inboard|outboard] (model (model
ohord aileron end end |station, station,
(in.) (sq in.) | (in.) | (in.) 0) 79.2)
Full size 14.80 2190 17.78 | 11.60 |NACA 66,2- [RACA 65,2~
2(13.716) 2(13.125)
0.lj0-8cale
model 5.92 336 7.11 | L.8, | HACA 66,2- |HaCA 66,2~
2(13.716) {2(13.125)
C.L0-8cale
model of
test pansl 5.92 336 7.11 | L.€; |HACA 66,2-|HACA 66,2~
2(13.716) J2(13.125)
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Teat panel

\ |

Tigure 1.- Planform of 0.40-scale model of wing panel tested and of com-
plete wing for which characteristics are given. All dimensions
given in inches.
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